The objective of this study was to investigate whether the transplantation of fetal umbilical cord tissue cells as a source of stem cells into the acutely injured spinal cord would produce some regenerations and/or functional recovery in a rat model of spinal cord injury. MATERIAL and METHODS: Material and Methods: Five pregnant albino Wistar rats of 12 days gestation were used for obtaining an umbilical cord cell graft. At the second stage of the experiment only Th8-Th9 laminectomy was performed in Group A animals while Group B animals underwent spinal cord hemitransection. The cultured fetal umbilical cord cells coated with Alginate Gel were placed into the lesion cavity immediately after surgery in Group C animals. Group D animals received only Alginate gel sponges into the injured area. All experiment groups were analyzed histologically and immunohistochemically (GFAP, Ki-67, and Pan cadherin) and for motor function after surgery. RESULTS: Results: The umbilical cord cell transplanted animals showed a significant motor recovery compared to non-transplanted animals at 8 and 21 days after spinal cord injury (p =0.008). Significant GFAP and Ki-67 expressions were noted in transplanted animals (p=0.048) suggesting astroglial proliferation. CONCLUSION: Our findings support the possibility of some functional recovery after umbilical cord cell transplantation following spinal cord injury.
INTRODUCTION
The failure of the spinal cord to regenerate after injury is a major clinical problem (10). However, there is no effective therapeutic option to improve functional outcome. Functional deficits after SCI result from damage to axons, loss of neuron and glia, and demyelination (7) . A number of cell types such as olfactory ensheathing cells, genetically modified fibroblasts, Schwann cells, and stem cells have been used to promote axonal regeneration after SCI (14, 26, 31, 33) .
Several experimental studies have indicated that several stem or progenitor cell types including embryonic stem cells (ESCs) neural stem cells, bone marrow stromal cells (BMSCs) and glial-restricted precursor cells have the ability to induce neurogenesis and motor recovery following transplantation into the injured spinal cord (3, 9, 18, 20) .
In particular, ESCs are derived from the blastocyst in the developing embryo prior to implantation and are valuable sources for cell transplantation (31) . However, the ethical and technical difficulties associated with ESCs have promoted a search for alternatives (8) . Today, adult bone marrow derived mesenchymal stem cells (MSCs) have mostly been utilized as a source of nonESCs to treat a variety of disorders including cardiovascular, hepatic, ophthalmic, orthopaedic, neurological and endocrine diseases (8) .
Stem cells derived from the umbilical cord blood (UCB), umbilical cord tissue, amniotic fluid and placenta, have been used in different clinical and experimental studies (6, 23) . Another potential source of mesenchymal cells is Wharton's jelly (WJ) of the human umbilical cord (28) . WJ is the connective tissue surrounding the two arteries and one vein of the umbilical cord including fibroblastlike cells. It has been suggested that these mesenchymal cells are multipotent with the ability to proliferate and differentiate (28) .
Autologous patches and heart valves engineered from human umbilical cord cells represent a promising concept in pediatric cardiovascular surgery for patients diagnosed with congenital heart lesions (2) . Stem cell therapy is currently being tested in spinal cord injured patients in some clinical trials (16) .
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Turkish Neurosurgery 2010, Vol: 20, No: 3, 286-294 Erdogan B, et al: Fetal Allogeneic Umbilical Cord Cells Transplantation In this experimental study, we investigated whether the transplantation of allogeneic umbilical cord tissue cells into the injured spinal cord would produce regeneration and/or functional benefits in a rat model of spinal cord injury.
MATERIAL and METHODS
All animal procedures were performed with the approval of the Institutional Animal Care and Use Committee of the Baskent University in accordance with the US National Institute of Health guidelines for the care and use of laboratory animals (principles of laboratory animal care, NIH, publication No. 80-23, revised 1996).
Tissue culture
Five pregnant albino Wistar rats at 12 days of gestation were used for obtaining the umbilical cord cell graft in the first stage of the study. The pregnant rats were anesthetized with intraperitoneal xylazine at a dose of 10 mg/kg (Rompun, Bayer, İstanbul, Turkey) and ketamine sulphate at 50 mg/kg (Ketalar, Parke Davis, Eczacibasi, Istanbul, Turkey). The rats were placed in the supine position. Fetuses were extracted from the uterus through a suprapubic incision. Only the umbilical cord was dissected and separated carefully with the use of operating microscope.
Tissue samples were taken under sterile conditions during the operation and put into transport medium (Dulbecco's modified Eagle's medium (DMEM) containing penicillin and streptomycin). As soon as the samples arrived at the laboratory, they were minced mechanically and tissue cultures were set up in DMEM containing %10 fetal calf serum, 200μM L-glutamine and penicillin/streptomycin in a 37 0 C CO2 incubator. Cells were observed and the culture medium was refreshed every 2-3 days until the cultures were harvested on the 10th day. Cultured cells are shown in Figure 1 . Cultured cells were isolated by trypsin and they were washed with culture medium three times before incubation with alginate.
Preparation of alginate sponges
Since the majority of transplanted cells are easily lost after implantation into a spinal cord lesion, we used Alginate gel as a carrier of grafted cells in this study. Alginate is a well-established natural bioabsorbable acidic polysaccharide extracted from brown seaweed (12) . It is suggested that alginate gel has a favorable biocompatibility for regenerating axon extension in the injured spinal cord with the characteristics of low cytotoxicity, small foreignbody reaction and low scar tissue formation (12) . Sodium alginate or alginic acid sodium salt (Fluka, Switzerland) was used to prepare the alginate sponges. Alginate sponges were prepared by precipitation of the polymer in non-solvent (i.e. CaCl 2 solutions) in the form of a spongy type cylindrical rod. In a typical procedure, a certain amount of sodium alginate (i.e. 250 mg) was dissolved in aqueous solution (i.e. 5 % v/v) in an ultrasound bath for 6 hours. All the obtained gelatinous sodium alginate was filled into an injector (10 ml injector without needle). Sodium alginate solution was injected into the beaker filled with CaCl 2 solution. The concentration of CaCl2 solution was varied in the range of 1 to 20% to change the cross-linking densities of the alginate sponges. Precipitated alginate rods were cured in the same medium for 30 minutes. Afterwards alginate rods were taken out and lyophilized overnight, then stored in a desiccator at 4ºC for further analysis and applications.
Binding cells with alginate
Alginate rods were sterilized with ethylene oxide and sterile 3D alginate scaffolds that were minced into 1-2 mm sized fragments suitable for the created lesions were each put in the bottom of a 1.5 ml sterile Eppendorf tube. 1 ml cell suspension containing 6x106 cells was added to the tube and the tube was centrifuged at 100g for 15 minutes. Supernatant was 
Experiments
Eighty adult male Wistar rats, aged 4-6 months, each weighing 268-342g. were used in these experiments. The animals were anesthetized with 10 mg/kg intraperitoneal xylazine (Rompun, Bayer, Turkey) and 50 mg/kg ketamine (Ketalar, Pfizer,Turkey). Twenty rats formed the laminectomy only (sham) group (Group A). Th8-Th9 laminectomy was performed by the posterior midline approach. Care was taken not to damage the spinal cord in Group A. In the remaining 60 rats, the thoracic spinal cord (T8-T9) was hemitransected on the left side after laminectomy. The spinal cord was hemitransected with microscissors under an operating microscope. The microscissors were inserted into the spinal cord with the tip touching the midline until the left side of the cord was completely divided. During the surgery, the rats were kept on a heating pad to maintain the body temperature at 37.0±0.5 0 C. The hemitransected animals were divided into three equal groups. Group B (n=20) animals underwent only spinal cord injury, and received no treatment (injured animals). In Group C animals (n=20), the cultured fetal umbilical cord cells coated with Alginate Gel as a carrier for transplanted cells as previously described (12) were grafted into the cavity of injured spinal cord immediately after the operation (injured+transplanted animals). In Group D animals (n=20), only alginate sponges without umbilical cord cells were placed into the injury cavity. The wound was closed in layers. The 20 rats in each group were further subdivided into four subgroups of 5 rats each for assessment of motor behavior and histological and immunohistochemical analysis of the spinal cord at 1, 3, 8, 21 days after surgery. At the end of each experimental period, the rats were sacrificed with an overdose of pentobarbital and then perfused transcardially with 50 ml saline followed by 200 ml 4% paraformaldehyde in 0.1 M phosphate buffer.
Animal care
Rats were housed with free access to tap water and rat chow with a dark/light cycle of 12/12 h. They were examined neurologically and their bladder were emptied by the Crédé maneuvre three times daily until reflex bladder emptying was established, and antibiotic therapy (Baytril-K, Bayer, Istanbul; Enrofloxacin 2.5 mg/kg, s.c) was given for 3 days. All rats in each group received Cyclosporine (10 mg/kg, subcutaneously) daily to prevent rejection beginning on the day of any surgery and/or transplantation. No significant immune responses were detected in response to the transplanted material.
Histological and Immunohistochemical Analysis
The spinal cord segment from each animal corresponding to the injured area was embedded in paraffin and processed for histological and immunohistochemical studies. These sections were centered at the middle of the core including the lesion cavity and boundary zone. Sections were stained with hematoxylin & eosin, cresyl violet and toluidin blue for general morphology.
Formaldehyde-fixed and paraffin-embedded spinal cord tissues were sectioned. After deparaffinization and rehydration, each section was immunostained using monoclonal antibodies for Ki-67 (MIB-1 clone, rabbit polyclonal, Neomarkers), Pan Cadherin (C-terminal, rabbit polyclonal, Neomarkers) and GFAP Glial Fibrillary Acidic Protein (rabbit polyclonal, Neomarkers). Astrocytes were identified by their morphology and GFAPpositivity; ependymal cells and neurons were identified by their morphology. Cell proliferation was assessed immunohistochemically using Ki-67. Cadherin expression was detected by immunohistochemistry using the polyclonal antibody Pan Cadherin. Immunohistochemistry procedures were carried out using the standard avidin-biotin complex method according to the following procedures:
For Ki-67 and Pan Cadherin, antigen retrieval was performed in a microwave oven in 10mM citrate buffer (pH 6.0) at 700 W for 15 min. Endogenous peroxidase activity was then blocked with 0.3% H2O2 for 30 min. After incubation with 5% bovine serum albumin in Tris-buffered solution (TBS: 50 mM Tris-HCl, 150 mM NaCl, pH 7.4) for blocking of nonspecific binding for 10 min., sections were incubated with primary antibodies for Ki-67 and GFAP for 1 hour in a humidified chamber at room temperature. Sections were then incubated with peroxidase-labeled polymer for 30 minutes followed by DAB+ substrate-chromogen solution. Next, they were counterstained with hematoxylin and mounted. Between steps, the slides were washed twice in TBS. For negative controls, the primary antibodies were omitted and non-immune serum was used instead. For positive controls, we stained sections of tissues that were considered suitable according to the manufacturer's protocol.
For MIB-1 evaluation, immunoreactivity was defined as intense, diffuse or granular nuclear staining. The level of MIB-1 immunoreactivity in each section was assessed by counting the stained nuclei in approximately 1000 cells in the regions of maximal staining. The MIB-1 LI was calculated as a percentage based on the number of positive cells per total cells counted.
Pan Cadherin expression was semiquantitatively evaluated. The staining degree was graded as follows: 3, stronger positive than control; 2, positive as strong as control; 1, positive but weaker than control; 0, no staining.
Both the injury and peri-lesional zones were investigated for Ki-67 positivity, GFAP and Pan Cadherin expression. These recordings were conducted by two investigators with no knowledge of the experimental group from which each sample had been obtained. The mean recorded by these investigators were regarded as final values.
Behavioral analysis
Functional tests were performed before the injury and transplantation. When neurological function was assessed, lower limb monoplegia was evident in all spinal cord hemitransected animals. Although many scales have been developed since Tarlov (BBB, AOB, and so on), we have evaluated each rat's motor functions with the modified Tarlov's motor grading scale at 1, 3, 8 and 21 days after spinal cord injury until they are sacrificed (1, 25) . This scale measures hindlimb motor functions ranging from 1 to 5, as follows: Grade 1= shows no voluntary hindlimb movement; Grade 2= minimal voluntary hindlimb movement, but unable to stand; Grade 3= able to stand, but unable to walk, Grade 4 = able to walk with incoordination of the hindlimb; Grade 5= able to walk normally (25) .
Statistical Analysis
Data were analyzed using the Statistical Package for Social Sciences for Windows (version 15.0; SPSS, Inc., Chicago, Illinois, USA). Data were expressed as mean ± standard deviation (SD). Kruskal-Wallis test was used to compare the differences between groups. For the motor paralysis data, differences in motor scores were compared using the KruskalWallis nonparametric analysis of variance (ANOVA) and Mann -Whitney U-tests. The Wilcoxon-signed rank test was used to compare the changes among the individual groups. We used the unpaired Student's t-test for a comparison of the number of immunopositive cells in the experimental groups. Differences were considered to be statistically significant when the probability value was less than 0.05.
RESULTS

Assessment of motor behavior
The measurement of modified Tarlov's motor scores for each animal was performed beginning with the first day after SCI. These observations continued at each period of the experiment (at 1, 3, 8 and 21 days after surgery). Control animals (Group A) were neurologically intact and were given Tarlov scores of 5 at each period of the experiment (data not shown). During the first day after SCI, the difference between the mean scores of SCI group (Group B) (1.2 ±0.45) and umbilical cord cells transplanted group (Group C) (1.2±0.45) was not significant significant (p > 0.05). On day 3 after spinal cord injury, there was also no significant difference between the mean scores of the SCI group (1.2 ±0.45) and transplanted group (1.4±0.55) (p > 0.05). However, on day 8 postinjury, the motor scores in the transplanted group were significantly higher (3.6 ± 0.55) than those in the SCI group (1.2 ±0.45) (p=0.008). On day 21 after SCI, motor scores were higher (4.2±0.45) than those in the injured group and (1.2 ±0.45). These are significantly different (p=0.008). (Figure 2 ) In addition, a statistically significant difference was also not found between Group B and Group D after surgery at all intervals (p > 0.05). (Data is not shown in Figure 2 )
Immunohistochemistry and histopathology:
For Ki-67 and GFAP; there was no significant difference between groups in immunostaining on days 1, 3 and 8 after spinal cord injury. Although at (Figure 3A , B; Figure 4A , B). Astrocytic proliferation presumably leading to a glial scar was demonstrated by GFAP expression. Activated and proliferated glial cells showed significant Ki67expression especially in these areas. However, when the number of cells that showed Ki-67 positivity in ependymal cells and neurons was analyzed, there was no significant difference between non-transplanted and transplanted animals. When we compared Pan cadherin expressions in the experiment groups, we could not find any significant differences. Besides that, none of the tested variables were found to be statistically significant in sections for histopathological analysis between the groups.
DISCUSSION
While the non-transplanted spinal cord injured rats showed no improved motor recovery in this study, the rats subjected to intralesional 
008). (Numeric values represent the means and the error bars are ± standard deviation: triangles ( ), umbilical cord cells transplanted group; squares ( ), spinal cord injured ad non-transplanted group.)
transplantation of umbilical cord cells immediately after injury showed a progressive recovery of motor functions, starting at 8th day after the surgical procedure. As demonstrated in some studies related to stem cells therapy, hindlimb functional deficits were maximal at day 3 and then showed partial recovery over the next several days with a plateau seen 8 days after SCI (3, 9, 31 protein (GFAP), vimentin, and nestin (22). Pekny et al. have shown that GFAP and vimentin are required for proper glial scar formation in the injured central nervous system (22). In addition to physical or molecular barriers presented by glial scarring at the lesion site, it has been suggested that the growth inhibitors such as Nogo, myelin-associated glycoprotein and chondroitin sulfate proteoglycans or lack of neurotrophic factors are the main factors contributing to the failure of axonal regeneration (1, 13, 19, 30) . Thus, the evolution of the scar following SCI is a complex phenomenon where different mechanisms may be contributed.
In the adult mammalian brain, it is considered that neurogenesis persists in limited regions such as the hippocampal dentate gyrus and the subventricular zone of the lateral ventricle. These multipotential progenitor cells also exist in the surrounding central canal of the spinal cord. In the spinal cord, the main function of these cells to migrate to the site of injury and produce new neurons and glial cells (9, 11) . It has been suggested that, after spinal cord injury, nestin-expressing periventricular cells start to migrate into the injury site and start to express GFAP (11). In our study, significant expression of GFAP in umbilical cord cells transplanted animals with high Tarlov's motor scors may be explained by this mechanism.
The timing of the transplantation is important for successful functional recovery of the damaged CNS (9, 31) . We transplanted the stem cells immediately after SCI. Others believe that 7 to 14 days after injury is the optimal time to transplant neural stem cells into the spinal cord (9, 21) . Because the immediately post-traumatic microenvironment of the spinal cord is in an acute inflammatory stage, it is not favorable for the survival and differentiation of stem cell transplants. On the other hand, in the chronic stage after injury, glial scars form in the injured site that inhibits the regeneration of neuronal axons (9, 21) . If we performed the transplantation between 7 to 14 days after injury it might have been possible to produce more favorable results. Regardless, further studies are needed to clarify how, when or in which cases a stem cell transplant should be used.
Cadherins are calcium-dependent cell adhesion molecules, which play an important role in the growth and development of cells via mechanisms of control of tissue architecture and the maintenance of
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Turkish Neurosurgery 2010, Vol: 20, No: 3, 286- (29) . In their study, the transplanted tissues showed significant regenerative signs with behavioral improvement. Wang et al. transplanted hUCMSCs into spinal cord hemisection in a murine model and noted that transplanted hUCMSCs survived and migrated to the injured site (27) .
The mechanism of the effect of stem cells on injured spinal cord is unknown at this time. It has suggested that are a reliable, easily accessible, noncontroversial source of mesenchymal stem cells. It has been believed that hUCMSCs is a rich source of autologous stem and progenitor cells. Additionally, these stem cells have a potential to be differentiated into neuron-like cells in vitro and in vivo. However, both the nature of the cells responsible within the umbilical cord stroma and the mechanisms underlying the beneficial effect observed were unclear (15) . The lack of evidence of substantial lesion site engraftment, survival, and neural differentiation suggests that the beneficial effects may be largely derived from a ''bystander'' function of these cells, either through secretion of neurotrophic/survival factors or through suppression of inflammatory death (17) .
Before the study begins, we hypothesized that neurogenesis may be attributed not only to the transplanted stem cells, but also to an increased cadherin expression in transplanted rats with high motor scores, but this expectation was not fulfilled. Although previous reports showed that stem cells had a higher ratio to differentiate into neuron (3, 8, 15) , in this study no verification that umbilical cord cells produced substitute therapy effect through differentiating various neural cells was observed. The main limitation of the present study is that neuronal differentiation and incorporation into the neural circuitry could not be demonstrated in umbilical cord cell transplanted rats with high motor scores. In the presented study, we only found improved motor function and increased GFAP and Ki67 expressions in umbilical cord cells transplanted animals. The elevation of GFAP in transplanted rats may be related to the endogenous neurogenesis originating from multi potential progenitor cells in the surrounding central canal of the spinal cord as previously reported (9, 11) . Hence, further studies are needed to better understand the effects of stem cells on injured spinal cord using cellular immunocytochemical and immunohistochemical methods combined with confocal and electron microscopy (32).
For SCI, stem cell therapy is currently being tested in some clinical trials (5, 16) . In 2008, Mc-Kay and co-workers reported the outcomes of a Phase I/IIa clinical study in which six patients had spinal cord injury (16) . They concluded that autologous transplantation of olfactory ensheathing cells into the injured spinal cord is feasible and safe for up to three years after implantation without any adverse effects. This study suggests that the window of opportunity for treating spinal cord injury with stem cells may be wider than previously thought.
Both umbilical cord and umbilical cord blood can be collected and stored at birth with no harm to mother or baby and cryopreserved in a cell bank. These stem cells have a strong potential to form various tissues and many advantages because of the immaturity of newborn cells compared with adult 
CONCLUSION
In summary, the present study suggests that the possibility of using cell therapy with umbilical cord cells for the treatment of spinal cord injury. It is obvious that diverse mechanisms of recovery may play a role after transplantation, including expression of neurotrophic factors, or activation of endogenous mechanisms able to restore neurological functions previously suppressed. A combination of stem cells transplantation with other repair strategies that might have synergistic effects may be needed. Finally, some important points regarding this issue such as timing of transplantation, survival of the stem cells, stability of differentiation, method of administration, risk of tumor formation, etc. should be extensively investigated before stem cells transplantation will become a safe therapy in spinal cord injured patients.
